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INTRODUCTION 
In tropical and subtropical areas, intestinal parasitism is  
frequently associated with protein-energy malnutrition 
[ 1, 21 . The interactions between parasitic infections and 
nutritional disorders must be understood since they have 
practical implications for overall health policies. , 
It i s  well established that some intestinal parasitoses, such 
as coccidiosis and giardiasis, are accompanied by a 
malabsorption syndrome [3, 41. Studies of the relationship 
between malabsorption and Ascaris lumbricoides [51 have, 
however, yielded some contradictions. 
Some works [6, 71 have suggested that the intestinal 
malabsorption observed in children affected with Ascaris 
lumbricoides can lead to a deficient nutritional status. 
More recent studies have questioned the exclusive role 
played by this parasite [8]. Some authors consider that 
treatment for this parasite i s  useless in promoting better 
absorption and growth [91. 
Intestinal parasitism and moderate forms of protein-energy 
malnutrition are widespread in Cameroon [IO]. The 
purpose of this study was to measure the specific effects of 
A.Fcs:-~ lumbiicordés .on absorption und : 7 w e  i !-de fined 
ci:z::!::s:a?cts. Meaqvrements of 3-xylose absorption and 
dig:s:ibility betcre and after deworming were carried out 
on well-nourished children receiving a well-balanced 
diet. 
,.v.*.4.'J* , L.& 
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METHODS 
Subjects 
The study was carried out a t  Omvan, a small village near 
Yaoundé. Sixteen children, nine boys and seven girls, who 
were seven years of age and living in a boarding-school, 
participated in this experiment. The children were selected 
according to three criteria: 
This study was supported by the  1975 ORSTOM-MESRES 
agreement. 
1. The initial clinical examination revealed no evidence of 
disease or nutrient deficiency. 
2. The anthropometric measurements (table 1 )  were very 
close to Harvard standard values for weight and heigh't 
and to Wolanski standard values for arm circumference 
[ 1 I] . All the anthropometric measurements were 
carried out by the same staff using the same regularly 
controlled equipment, according to the standardized 
methods described by Jelliffe [ 1 1 1  . 
3. Intestinal parasitism assessed with Kato's method [I21 
revealed that al l  the individuals suffered from Ascaris 
lumbricoides and that, relative to other parasites, the 
worm burden of this helminth was the highest (table 2). 
It was not possible to isolate any cases who had 
ascariasis alone without any other parasitoses. 
Diets 
Meals were taken a t  regular hours: 7.30, cereals; 12.30, 
TABLE 1. Anthropometric data for children 
before and after deworming 
Before After .. 
- deworming dewc:ir.,,:sc 
Number of chililxn 16 IS 
Age (months) 82 * 15 85 f: 13 
Weight (kg) 21.8 f: 3.8 21.3 f: 3.7 
116.6 f: 11.1 118.9 rf: 9.4 Height (cm) 
Arm circumference 
17.2 rf: 1.5 16.8 f: 1.4 (cm) 
Head circumference 
51.2 * 1.2 51.5 k 1.1 (cm) 
Height for agea 97.4 f: 5.0 98.0 f: 4.0 
Weight for heighta 102.7 rf: 7.8 96.1 rf: 5.8 
Arm circumference 
for age 96.8 f: 6.7 93.8 f: 6.3 
Arm circumference/ 
head circumference 0.336 f: 0.028 0.326 k 0.026 
a. Mean f SD, expressed as a percentage o f  Harvard standards 11 11. 
b. Mean f SD, expressed as a percentage o f  Wolanski standards [ l  I ] .  
c. All differences in values before and after deworming are 
Weight for agea 97.3 f: 9.4 92.9 f: 9.4 
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TABLE 2. Prevalence of helminth ova in stool 
Mean load 
for 10 mg 
Helminth Prevalence faecal matter Range 
Ascaris lumbricoides 1 611 6 336 1 1-860 
Trichuris trich iura 1311 6 106 24-388 
duodenale 1/16 4 - 
Necator americanus 411 6 11 4-20 
Ancylostoma 
En terobius 
vermicularis 1/16 6 - 
TABLE 3. Caloric value of diet and mean daily nutrient 






Dry matter (9) 376 * 53a 389 4 2aa 
Nitrogen (9) 9.33 * 0.9ga 8.67 f O.6Ob 
Fat (9) 53.2 f 6.2a 52.9 k 3.ga 
Energy 
Protein (glkg BW) 2.7 2.5 
(kcallkg BW) 79 83.4 
Metabolizable energy 
From f a t  (%) 27.8 26.8 
From carbohydrate 
( % I  61 .O 
From protein (%) 13.5 12.2 
- " 1  t 
9 -ìW (,o I ír, *k ; 
a, L. Mean value .C_ SD:-, f j r  each parameter mean values with no 
common superscript are significantly different. 
boiled rice, fish and peanut sauce, and fruit (orange); 
16.30, fritter; and 19.30, noodles, tomato sauce, hard- 
boiled egg, and fruit (orange). 
The food intake was adjusted for body weight and satisfied 
the dietary requirements of each child. Table 3 shows the 
composition of the diet and the daily intakes, which are 
very close to  those observed in balanced diets: the children 
received an average of 79 kcal/d/kg of body weight, which 
corresponds to the WHO recommended 82 kcal/d/kg [131. 
The energy concentration of the ration has been calculated 
using Atwater coefficients. The nitrogen intake (table 3) i s  
higher than the safe level, amounting to 148 mg N/kg/d. 
The children consumed an average of 0.42 g N/d/kg of 
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body weight, with meat, peanut sauce, and eggs providing 
48 per cent of the nitrogen intake. Drinking water was 
freely distributed. 
After a five-day adaptation period, nitrogen balance studies 
were carried out for six days. Three months later all 
children were treated by administering six 100 mg tablets 
of Vermox (mebendazole) over three consecutive days. 
The effectiveness of deworming was confirmed ten days 
later by a microscopic examination of stool specimens. 
Then, after successful therapy, the children were provided 
with the same diet for a second five-day adaptation and 
six-day balance period. 
Specimen collection 
Urines were collected in 24-hour blocks, with a mean for 
each child of 755 ml/d before deworming and 1,055 ml/d 
after deworming (t = -3.87); they were preserved by the 
addition of 0.25 per cent of a 10 per cent solution of 
thymol in isopropanol before freezing. One gram of 
carmine was used as a marker a t  the beginning and the end 
of each balance period. Faeces were stored a t  -20°C. The 
calculated nitrogen (N) balances are apparent and do not 
take into account cutaneous and other minor N losses; 
the same is true for the calculation of apparent absorption, 
excluding endogeneous losses. Apparent absorption was 
calculated by subtracting total excretion from total intake 
and expressing the difference as a percentage of intake. 
D-xylose urinary excretion t e s t  
D-xylose urinary excretion was observed for five hours 
following the intake of 0.5 g of D-xylose per unit of body 
weight. The results are expressed as a percentage of ingested 
quantities. 
" li.<i-l,ll , .- '" ..),-:;:'. .f.:.;,,::; ...':I 't::!.' 
Analytical methods w'&e as ?,ol:!ow;;7;t;5' - . 
- water content: dessication ¡n'(a, drying-room at  105°C 
until a constant mass is reached 1141. 
method after sulphuric mineralization in the presence of 
a selenium catalyst [ 141. 
Soxhlet apparatus for 10 hours without previous 
hydrolysis [ 141. 
- D-xylose content: D-xylose is changed by furfural to 
give a pink coloration with p. bromoaniline acetate 
[151. 
- total nitrogen content: in accordance with Kjeldahl's 
- total lipid content: extraction by petroleum ether in a 
Statistical analysis 
The significance of differences between means was esti- 
mated by Student's t - t e s t  for paired data according to 
Snedecor [I81 . A value of p < 0.05 was considered signifi- 
cant. 
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RESULTS 
During. the three-month interval between measurements, 
the children lost weight and their arm circumference 
became thinner (table 1). It was not possible to reconstruct 
the events that led to  this situation since the 16 children 
were on three weeks' vacation and had left the boarding- 
school before the second digestibility measurement was 
taken. However, they could undoubtedly be considered 
well-nourished despite this slight deficiency. 
Of the 16 children, eight showed an Ascaris burden of over 
300 eggs for 10 mg of faeces, and two of them showed a 
worm burden of over 500 eggs. The remaining eight 
children showed a worm burden ranging from 100 to 300 
eggs, that is, they were not highly infected. Trichocephalus 
was observed in the faeces of 13 children, ten of whom 
showed a burden of less than 75 eggs for 10 mg. Only 
one individual showed a trifling quantity of Ancylostoma 
eggs. 
The main daily consumption of dry matter and f a t  were 
similar during both experimental periods. A significant 
decrease (p<0.05) in the absolute mean nitrogen intake 
was observed in the second period (table 3); this difference 
was no longer observed when nitrogen intakes were 
expressed in terms of grams per unit of body weight. This 
observation concerning nitrogen must have been due to 
variations in the nitrogen content of the foodstuffs despite 
the fact that the protein requirements were consistently 
met, with 13 per cent of calories supplied by proteins. 
Digestibility measurements, the D-xylose urinary excretion 
test, and nitrogen balances did not differ significantly 
(table 4) before and after deworming. No cases of 
steatyrhea were observed, al l  individual faecal lipid losses 
being IÓGei 't'han 2.6'3)d [ 1 7 1 ~  the mean excretion of a 
six- t o  rGne-year-old' ea?, 
[18, 191. Deworming did not involve any change in the 
faecal nitrogen losses, respectively 74 mg/kg/d and 71 mg/ 
kgjd. The D-xylose t e s t  results indicate normal intestinal 
absorption, well above the usual 20 per cent [ZO] . 
'Y4 ryrqyv. . . ' P l  
child amounts to 1.5 g per day 
DISCUSSION 
The mechanisms through which ascariasis could lead to an 
unbalanced nutritional status by decreasing intestinal 
absorption are numerous [21] : mechanical and irritant 
action [22], inhibitory effect of ascarase [231, competition 
for host's nutrients, and alterations in the intraluminal 
conditions of the small bowel [241. 
Despite the numerous effects likely to cause measurable 
nutritional disorders, the relation between ascariasis and 
malabsorption is  s t i l l  questionable. Scrimshaw [25] and 
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TABLE 4. Changes in apparent absorption of nutrients, 
urinary excretion of D-xylose, and nitrogen retention 
before and after deworming of children 
Before After 




Dry matter 95.5 C 0.9 95.1 -C 1.0 
Nitrogen 82.6 C 3.5 82.6 C 3.8 




intake) 25.6 C 5.8 26.0 C 10.5 
Nitrogen retention 
G/day 2.96 C0.87 3.09 50.87 
Percentage 
of intake 31.8 5 9.1 35.4 C 8.7 
a. Mean value f SD: none of the differences in values before and 
af ter  deworming are statistically significant. 
Briscoe [26] point out that the contribution of ascariasis 
to malnutrition has often been overestimated. Most of 
the research on ascariasis has been conducted in the 
malnourished populations of poor countries, so that the 
significance of digestibility measurements in these popula- 
tions should be viewed with some reservation. 
The influence of protein-energy malnutrition on intestinal 
absorption is well known [27, 281. Tropjcal jejuni+is, 
widespread in the cleveloping 'cob?tries,, even in healthy 
subjects, leads to intestinal malabsÓrp6~~~measurable with 
the D-xylose t e s t  [29, 301. It i s  certain that Ascaris infec- 
tion in children with protein-energy malnutrition can lead 
to marked nutrition impairment when a high parasite load 
is  associated with a low protein intake [61. But it is 
difficult in such a situation to determine the specific effect 
of Ascaris because intestinal absorption is  modified by 
synergistic phenomena. This study was, therefore, made 
using sufficiently nourished children receiving an adequate- 
ly balanced diet in order best to pinpoint the effects of 
ascariasis. 
The results obtained though the D-xylose tes t  do not 
permit detection of changes in the intestinal mucosa. The 
mean value for D-xylose excreted in urine before deworm- 
ing (25.6 per cent) was considerably higher than the 16.1 
per cent observed in nine moderately malnourished children , i 
in the same environment [31]. This result confirms the 
E 
J. 
*. 0 L i 
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absence of steatorrhea before deworming in al l  the subjects 
in the present study. 
The faecal nitrogen losses were normal. Before deworming, 
the nutrient absorption values were very satisfactory and 
similar to those observed by Brown [321 for five children 
who were mildly affected by Ascaris lumbricoides and 
moderately malnourished. The nutrient absorption values 
were, on the other hand, higher than those observed by 
Tripathy [6, 71 whose subjects were on low protein diets. 
A comparison between apparent N absorption measured in 
this study and that observed in dewormed Cameroonian 
adults who showed small anthropometric deficiencies and 
received an adequate diet [331 indicates that, despite the 
worm burden, the children had better nutrient absorption 
values than the adults. The apparent N absorption was 82.6 
per cent for children and 66.6 per cent for adults. This 
observation suggests that the influence o f  recurrent acute 
and chronic gastrointestinal infections is more obvious 
than the influence of a mild Ascaris burden. 
An analysis of our results does not reveal an overall un- 
favourable effect of mild ascariasis on intestinal absorption. 
It would, therefore, seem that the lack of agreement in 
the results obtained by the different authors is  attributable 
to the diversity and intensity of the infections as well as 
other nutritional and disease factors. Such factors may 
also account for similar differences in the results of nutri- 
tional rehabilitation efforts. 
Gupta e t  al. found it impossible to improve the nutritional 
status of infected children suffering from malnutrition 
without eradicating the parasite [341. Freij, who treated 
malnourished children (with a weight for age of 82 per 
cent of the standard) and mildly infected young children, 
did not detect any nutritional improvement [91. 
Step he nson ,J 'dh"$h&kp hfr3ry;Vevaa led, after dew or m i rig, 
a significant i r w e a s ?  jh the;skinfo/d-thickness of children 
who were highly infected with' Ascaris and previously 
malnourished with a weight for age of 79.6 per cent of 
the standard [351. 
' 
-*r '~:,.',r":.cy \, - - " ' f , I . , i -  
The most significant effects of ascariasis on intestinal ab- 
sorption are always found in the most severely infected 
subjects. Thus, even when infected subjects are malnour- 
ished, it is  necessary to have detected a heavy load of 
ascarides to find also reduced absorption. Ascariasis adds 
i t s  effects to those of other intestinal infections and 
protein-energy malnutrition. Pre-school children are usually 
the most vulnerable, and it i s  for this segment of the 
general population that medical attention must be a 
priority. Individual cases of symptomatic ascariasis, 
whether in children or adults, should be treated. However, 
expenditures for Ascaris treatment are not warranted 
except in the case of severe infections. Instead, public 
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health efforts should be directed a t  improved environ- 
mental sanitation and personal hygiene, particularly the 
sanitary disposal of faeces and hand-washing, which will 
reduce or eliminate not only Ascaris but also other 















World Health Organization, Soil-transmitted Helminths, 
Report of a WHO Expert Committee on Helminthiasis, 
WHO Report Series No. 277 (WHO, Geneva, 1964). 
World Health Organization, Control of Ascariasis, Report 
of a WHO Expert Committee, WHO Report Series No. 379 
(WHO, Geneva, 1967). 
B. N. Tandon, R. K. Tandon, B. K. Satpathy, and Shriniwas, 
"Mechanisms of Malabsorption in Giardiasis: A Study of 
Bacterial Flora Salt,Deconjugation in Upper Jejenum," 
Gur, 18: 176-181 (1977). 
S. G. Wright, "Giardiasis and Malabsorption," Trans. 
Soc. Trop. Med. Hyg., 74: 436-437 ( 1980). 
T. A. Brasitus, "Parasites and Malabsorption," Am. J. Med., 
K. Tripathy, F. Gonzalez, H. Lotero, and O. Bolanos, 
"Effects of Ascaris Infection on Human Nutrition," Am J. 
Trop. Med. Hyg., 20: 212-218 (1971). 
K. Tripathy, E. Duque, O. Bolanos, H. Lotero, and 
L. G. Mayoral, "Malabsorption Syndrome in Ascariasis," 
Am. J. Clin. Nutr.. 25: 1276-1281 (1972). 
P. Dedieu and M. Gibon, "Parasitoses et  malabsorption," 
Gastroenterol. Clin. Biol., 5: 456-468 (1 981 ). 
L. Freij, G. Meeuwisse, N. O. Berg, S. Wall, and M. Gebre 
Medhin, "Ascariasis and Malnutrition: A Study in Urban 
Ethiopian Children," Am. J. Clin. Nutr., 32: 1545-1553 
(1979). 
République Unie du Cameroun, Enquête nationale sur la 
nutrition, Ministère du Plan, Yaoundé [Agency for Inter- 
national Development, Washington, D.C., 1978). 
D. B. Jelliffe, The Assessment of the NutritionalStatus 
of the Community (WHO, Geneva, 1966). 
M. Kato, "Techniques complémentaires," in J. Barlenger, 
ed., Coprologie parasitaire et fonctionnelle, 3rd ed. 
(Drouillard, Bordeaux, France, 1973). 
World Health Organization, Besoins énergétiques er besoins 
en proteines, Serie de rapports techniques no. 522 (WHO, 
Geneva, 1973). 
67: 1058-1065 (1979). 
14. W. Horwitz, ed., Official M e t h o . q ; r , o f . 4 ~ a l ~ ~ i s , ~ ~ , ? t ~  ed. 
(Association of Official Analytical ~ ~ e ~ ~ ~ ~ ~ ~ ! . ~ W a : h i n g t o n .  
D.C., 1975). 
15. J. H. Roe and E. W. Rice, "Photometric Meihod for 
Determination of Free Pentose in Animal Tissues," 
J. Biol. Chem., 173: 507 (1  948). 
16. G. W. Snedecor and W. G. Cochran, Méthodes statistiques, 
6th ed. (Iowa State University Press, Ames, Iowa, 1957). 
17. J. Frexinos, Hepatogastroentérologie clinique (Simep, 
Villeurbanne, France, 1981 1. 
18. C. Sautier, "Examen coprologique du nourrisson e t  de 
l'enfant," in R. H. Olivier, ed., Explorations fonctionnelles 
de l'appareil digestif er du foie (Maloine, Paris, 1974). 
19. C. Sautier, "Le Fécalogramme dans la  diarrhée chronique," 
Le Concoursmedical, 100: 6139-6157 (1978). 
20. W. O. Jones and Di Sant Agnese, "Laboratory Aids in  the 
Diagnosis of Malabsorption in Pediatrics," J. Ped., 62: 
50-56 ( 1963). 
21. N. W. Solomons and G. T. Keusch, "Nutritional Impli- 
cations of Parasitic Infections," Nutr. Rev., 39: 149-161 
(1 981 1. 
22. D. E. Ak, "Histopathological Changes in the Gastrointestinal 
Tract in Man, following Adult Ascaris Infestation and i t s  
Clinical Significance," lnt. Congress Trop. Med. Malaria 
Athen, 160-161 (1973). 
42 Ascariasis and Digestibility 
23. G. A. Homandberg and R. J. Peanasky, "Characterization 
of Proteins from Ascaris Lumbricoides Bound Specifically 
t o  Carboxypeptidase," J. Biol. Chem., 251 : 2226 (1 976). 
24. M. Layrisse and A. Vargas, "Nutrition and Intestinal Parasitic 
Infections," Program Food Nutr. Sci., 1: 645-667 (1975). 
25. N. S. Scrimshaw, C. E. Taylor, and J. E. Gordon, Interactions 
o f  Nutrition and Infection, WHO Monograph Series No. 57 
(WHO, Geneva, 1968). 
26. J. Briscoe, "The Quantitative Effect of Infection on the Use 
of Food by Young Children in Poor Countries,"Am. J. Clin. 
Nutr., 32: 648-676 (1 979). 
27. C. M. Anderson, "Malabsorption in Children," Clinics in 
Gastroenterology, 6:  355-375 (1 977). 
28. H. J. Freeman, Y. S. Kim, and M. H. Sleisenger, "Protein 
Digestion and Absorption in Man: Normal Mechanisms and 
Protein-Energy Malnutrition," Am. J. Med., 67: 1030-1036 
(1 979). 
29. J. Lindenbaum, W. Harmon, and C. D. Gerson, "Subclinical 
Malabsorption in Developing Countries," Am. J. Clin. 
30. M. Salmeron, C. Bories, and J. C. Rambaud, "Malabsorption 
Nutr., 2: 1056-1 061 (1 972). 
Food and Nutrition Bulletin, Vol. 7, No. 4 
tropicale," Gastroenterol. Clin. 6/01., 6: 892-900 ( 1982). 
31. D. Garrigues, Etude de la malabsorption intestinale par le 
test du 0-xylose en relation avec la malnutrition protéino- 
energétique (Université Pierre et  Marie Curie (Rapport de 
Dea), Paris, 1980). 
32. K. H. Brown, R. H. Gilman, and G. Khatun Ahmed, 
"Absorption of Macronutrients from a Rice-Vegetable Diet 
before and after Treatment of Ascariasis in Children," 
Am. J. Clin. Nutr., 33: 1975-1982 (1980). 
33. A. Cornu and F. Delpeuch, "Effect of Fiber in Sorghum on 
Nitrogen Digestibility," Am. J. Clin. Nitr., 34: 2554-2560 
( 1 981 1. 
34. M. C. Gupta, S. Mithal, K. L. Arora, and B. N. Tandon, 
"Effect of Periodic Deworming on Nutritional Status of 
Ascaris-infested Pre-school Children Receiving Supplementary 
Food," Lancet, 2: 108-1 10 (1 977). 
35. L. S. Stephenson, D. W. T. Crompton, M. C. Latham, 
T. W. I .  Schulpen, M. C. Mesheim, and A. A. J. Jansen, 
"Relationships between Ascaris Infection and Growth of, 
Malnourished Preschool Children in Kenya," Am. J. Clin. 
Nutr., 33: 1165-1172 (1980). 
